We estimate tariff equivalents (TEs) of non-tariff barriers (NTBs) using a series of gravity equations. Our analysis focuses on New Zealand, a nation that has a comprehensive free trade agreement (with Australia) that can be used to benchmark other trade negotiations. We estimate reductions in TEs following trade negotiations as differences between New Zealand-Australia TEs and those applying to trade between New Zealand and other nations. Simulating reductions in tariffs and NTBs in a computable general equilibrium (CGE) model indicates that gains from trade liberalisation are much larger when tariffs and NTBs are consider than when only tariffs are reduced.
Introduction
notes, "there is a dirty little secret in international trade analysis. The measurable costs of protectionist policies… are not all that large."
Conventional trade liberalisation examinations, however, typically only consider trade distortions that result in rents flowing to domestic agents, such as tariffs and quotas.
That is, most analyses ignore more subtle (and sometimes unintended) trade barriers that involve real resource costs and are therefore likely to result in greater welfare losses than tariffs and quotas.
1 Such barriers are commonly referred to as non-tariff barriers (NTBs) and include health and safety regulations, competition laws, technical standards (e.g., licensing and certification regimes) and customs clearance procedures (Philippidis and Sanjuán, 2007a) . Anderson and van Wincoop (2001, p. 209) highlight the real resource cost of such barriers by noting that NTBs may necessitate "gathering information about foreign regulations, hiring lawyers, and adjusting product designs to make them consistent with foreign customs regulations."
Trade negotiations typically cover issues broader than tariff reductions. We estimate ad valorem tariff equivalents (TEs) of NTBs and simulate reductions in tariffs and NTBs in a computable general equilibrium (CGE) model. Building on studies by Park (2002), Lejour et al. (2004) , Philippidis and Carrington (2005) and Philippidis and Sanjuán (2007a, 2007b) we estimate TEs using a series of gravity equations. This approach allows NTBs applying to a particular bilateral route to be compared to those that would exist in a free trade scenario. Our analysis singles out TEs faced by New Zealand exports to Australia and four possible Free Trade Area (FTA) partners, and 1 As is well known, quotas can also result in real resource costs if there is rent seeking behaviour.
TEs levied on New Zealand imports from Australia and other regions. To reflect the resource cost of NTBs, we represent these barriers as iceberg transport costs.
We focus on New Zealand as examining trade for this nation allows us to benchmark NTBs applying to trade between New Zealand and potential FTA partners against
NTBs that would exist following several rounds of far-reaching negotiations. Similar to other authors (e.g., Lejour et al., 2004; Philippidis and Sanjuán, 2007a, 2007b) we find that TEs in agro-food sectors are larger than TEs in other sectors. Our FTA partners (China, Japan, Korea, and the ASEAN block) will increase New Zealand welfare by 1.5% when tariffs are eliminated and 16.3% when tariffs and NTBs are abolished. In other words, we show that although a conventional approach produces a small welfare increase, a broader analysis produces a substantial welfare improvement. We also find that, contrary to other studies, nearly half of New Zealand's gains from trade originate from the liberalisation of manufacturing trade.
This paper has three further sections. Section 2 details our estimates of TEs of NTBs.
Section 3 outlines our CGE model and details results from our simulation exercises.
The final section concludes. Ferrantino (2006) identifies three approaches used to quantify TEs of NTMs:
Tariff equivalents of non-tariff barriers
"handicraft" price gap methods, price-based econometric approaches, and quantitybased econometric methods. Handicraft methods estimate the price gap between domestic prices and international prices. Price-based econometric methods take advantage of systematic reasons why prices in some countries are higher than prices in other countries. Quantity-based econometric methods infer the impact of NTMs by comparing actual trade flows with a "free trade" benchmark.
Handicraft approaches are generally considered to be more accurate than "mass produced" econometric methods but the data and time required to implement a handicraft study across many products and countries can be unreasonable. We estimate TEs of NTBs using a series of gravity equations as this approach uses easily accessible trade data. In its simplest form, the gravity model predicts that bilateral trade flows are increasing in the exporter's production and the importer's consumption and decreasing in distance between two nations. More sophisticated models add other variables to proxy for trade costs, such as whether or not two nations share a common border. We estimate the following gravity equation. (1) where logged variables are in lower case; x ij denotes exports from region i to j; prod i is production in country i, cons j is consumption in country j, z m is a set of observables to which bilateral trade barriers are related, and ε ij is an error term.
Observable bilateral trade barriers we control for include the log of distance between regions i and j (distance); dummy variables equal to one if regions i and j, respectively, share a common border (contiguous), a colonial relationship (colonial) or a common language (language); the log of one plus the ad valorem tariff imposed by region j on imports from i (tariff); the log of one plus the ad valorem export subsidy paid to exporters in region i for goods shipped to country j (esub); and dummy variables equal to one if i and j are, respectively, members of NAFTA, the EU15 or MERCOSUR.
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Gravity equations can be used to determine the influence of international borders on trade by comparing international trade flows with domestic trade flows (see, for example, McCallum, 1995 and van Wincoop, 2003 (Anderson and van Wincoop, 2003) .
We source data on bilateral international trade flows, bilateral tariffs, bilateral export subsidies, production and consumption from version 6 of the Global Trade Analysis Project (GTAP) database (Dimaranan, 2006 Head and Mayer (2002) , CEPII calculate bilateral distance between two countries as population-weighted average distances between the major cities belonging to those two countries. One advantage of this measure it that it provides a consistent procedure for calculating both internal distance, which is calculated using an approximation based on a each region's land area, and international distances. Data for our dummy variables capturing the effects of contiguity, sharing a colonial relationship (equal to one if two nations have had a colonial relationship after 1945) and speaking a common language (equal to one if a language is spoken by at least 9% of the population in both nations) are also sourced from CEPII.
Guided by Silva and Tenreyro (2006) , we estimate equation (1) using the Poisson pseudo-maximum likelihood (PPML) estimator. That is, we implement a Poisson regression of exports on the logarithm of distance, contiguous, common language and colonial heritage dummy variables, the logarithm of one plus the relevant import tariff, the logarithm of one plus the relevant export subsidy, border dummy variables, and importer and exporter fixed effect dummy variables. 6 As the PPML estimator is 4 We do not include "raw milk" and "other services" in our gravity regression as these sectors are largely non-traded. 5 See http://www.cepii.fr/anglaisgraph/bdd/distances.htm. 6 Silva and Tenreyro (2006) show that estimating the gravity equation in multiplicative form using the (PPML) estimator has several advantages over applying OLS to the log-linear model. First, using Jensen's inequality the authors show that estimating a gravity equation in logarithms using OLS can lead to severely biased and inconsistent estimates when heteroskedastcity is present. Second, as the logarithm of zero is undefined, the sample must be truncated or the dependent variable rescaled when exports between a particular pair of countries are zero.
unlikely to fully account for heteroskedastcity we base inference on robust standard errors.
Results from estimating equation (1) has reduced the influence of international borders on agro-food trade to a larger extent than it has reduced border effects for trade in other commodities. The manufacturing regression results suggest that there is a inverted New Zealand-Australia border effect (i.e., the New Zealand-Australia border results in greater New Zealand exports than would be expected given distance and other characteristics of the bilateral relationship) and that Chinese, Japanese, Korean and ASEAN borders do not impede New Zealand exports. These results are unexpected but may reflect the small size of the New Zealand economy. That is, New Zealand manufacturers may be forced to gear production towards overseas markets in order to take advantage of economies of scale.
Despite these unexpected observations, relative border effects indicate that it is easier for New Zealand goods to enter Australia than other overseas markets. Likewise, the data suggest that hurdles facing New Zealand imports of manufacturing from its CER partner are lower than those opposing New Zealand imports from other nations.
Border effects in the services regression are strikingly large. For example, New
Zealand's services exports to Australia are only 0.15% of New Zealand's (conditional) domestic exports, which may reflect the non-tradable nature of this sector. The results also indicate that New Zealand service providers have greater access to markets in China, Japan, Korea and ASEAN than in Australia (i.e., the CRE agreement appears to have had little impact on trade in services). Overall, with the exception of services, the estimated border coefficients in Table 1 give a strong indication that NTBs applying to New Zealand-Australia trade are less than those applying to New Zealand's trade with other nations. This finding validates our use of
Australia-New Zealand NTBs to benchmark NTBs applying to trade between New
Zealand and other nations.
We calculate sectoral border effects by estimating equation (1) for each sector.
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Regression results are reported in Tables A.2 and A.3 and we indicate the frequency for which each variable is (a) significant and has a correct sign, (b) significant and has an incorrect sign, and (c) insignificant, where statistical significance is inferred using a five percent critical value. Like in our previous analyses, distance, which is significant and has a correct sign in all regression, is an important determinant of trade flows. The explanatory power of our contiguous and colonial variables is mixed.
Coefficients on these variables are only significant and of the correct sign in around one-third of equations. Surprisingly, neither variable is significant and of the correct sign in our service regressions, although this result is consistent with the findings of TCF, chemicals and other equipment, and the New Zealand-Japan border dummy for chemicals) are associated with large export-to-output ratios. For example, 14.6% of New Zealand's TCF output is exported to Australia whereas the corresponding figure for manufacturing as a group is 8.8%. The large proportion of positive or insignificant border coefficients (70%) lends support to our hypothesis that most New Zealand manufacturers produce for foreign rather than domestic markets. Like in our aggregated regressions, the results indicate that, in general, trans-Tasman trade in agro-food and manufacturing faces fewer impediments than trade elsewhere but this is not the case for services. Anderson and van Wincoop (2003) , show that the ad valorem tariff equivalent of border barriers facing exports from country i to country j, * ij t , is given by.
(2) 9 An alternative method for determining TEs of NTBs is the residual approach. This technique computes the ratio of actual to predicted trade flows normalised to a free trade benchmark, commonly defined as the country with the largest positive difference between actual and predicted trade flows. This ratio can be combined with an estimate of the elasticity of substitution to estimate TEs (Park, 2002; Philippidis and Carrington, 2005; and Philippidis and Sanjuán, 2007a, 2007b) . We favour the dummy variable approach described above as this method allows our estimating equation to recognise border barriers and may result in improved econometric estimates.
where β ij is the coefficient applying to the border dummy b ij , and σ is the elasticity of substitution between goods, which we calculate as a weighted average of elasticities of substitution between domestic and imported varieties, σ DM , and between imports by country of origin, σ MM sourced from the GTAP database. 10 Specifically,
where α ij is the proportion of j's imports sourced from i.
As we control for transport costs, tariffs and exports subsidies, we assume that border costs reflect NTBs. We also presuppose that trade negotiations can reduce NTBs on New Zealand's fish exports to China, however, seems implausible. Consequently, we replace this number with the next highest tariff equivalent applying to New Zealand's fish exports, 579%. There are also significant TEs on New Zealand meat and dairy products shipped abroad. In other sectors, all New Zealand manufacturing imports face relatively high TEs and TEs applying to New Zealand's imports and exports of services are zero in most cases. In general, the numbers suggest the removal of NTBs on New Zealand's agro-food exports and manufacturing imports will generate larger benefits than the removal of tariffs elsewhere.
Modelling framework and results

Our modelling exercises utilise Rutherford's (2005) GTAP6inGAMS model and
Version 6 of the GTAP database. GTAP6inGAMS is a static, perfectly competitive, global CGE model that captures both bilateral trade flows and inter-sectoral linkages within regions. Intra-industry trade flows are facilitated by the Armington assumption (Armington 1969) . That is, composite imports are differentiated from domestic products and imports are differentiated by country of origin using a multi-level constant elasticity of substitution nest. There is a representative firm in each sector that gathers intermediate inputs, which are composites of domestically produced and imported varieties, and a primary factor composite, which is a Cobb-Douglas aggregation of primary factors. Factor prices are endogenous so there is full employment, and factors are perfectly mobile across sectors (but immobile internationally). Consumption is governed by a representative consumer in each region, which allocates expenditure between private consumption, government consumption and investment.
In addition to identifying a large number of regions and sectors, the GTAP database also collects data on five factors of production (skilled and unskilled labour, capital, land and resources). In our modelling exercises, we aggregate the database into nine regions -so that New Zealand, its potential FTA partners and its other significant trading partners are identified -and 23 sectors to match the sectoral aggregation used above. The composition of regions and sectors identified in our model in terms of components recognised in the GTAP database are highlighted in Table 4 . 11 As NTBs typically impose real resource costs, we represent NTBs as iceberg transport costs as described by Samuelson (1954 13 The sum of welfare changes for the different divisions do not equal welfare changes in the "All sectors" row (which, by design, is the same as in first row of results in Table 6 ) as our decomposition analysis does not consider interaction terms associated with the liberalisations of each division.
in trade negotiations that exclude agriculture can generate substantial gains for New Zealand.
Conclusions
We Several caveats to our analysis should be noted before closing. First, due to resource constraints, we infer TEs of NTBs by comparing actual trade data to a free trade benchmark rather than estimating the effects of NTBs using a more accurate "handicraft" approach. Second, our simulations do not capture welfare changes associated with the realisation of economies of scale, dynamic gains due to additions to the capital stock, and productivity improvements due to the transfer of technology.
Third, our assumption that trade negotiations will reduce NTBs elsewhere to those within the CER block is ambitious. As Australia-New Zealand economic integration has evolved over several decades, initial reductions in NTBs between New Zealand and other nations may be much less than postulated in our analysis. Finally, as we focused on the effect of NTBs using a parsimonious approach, our study was not able Note: ***, **, and * denote significance at the 1%, 5% and 10% significance level respectively. Robust standard errors are reported in parentheses. Note: ***, **, and * denote significance at the 1%, 5% and 10% significance level respectively. Robust standard errors are reported in parentheses. Source: Simulation results described in text.
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